The reaction of (NH 4 ) 2 [Ce(N0 3 ) 6 ] with two equivalents of OPPh 3 (Ph = C 6 H 5 ) in acetonitrile yields Ce(N0 3 ) 4 (0PPh 3 ) 2 (1) in high yield, whereas using acetone as solvent affords merCe(N0 3 ) 3 (0PPh 3 ) 3 • 2(CH 3 ) 2 CO (2), the yield of which is dependent on the reaction time. A crystal structure determination of 2 shows that the Ce atom is coordinated with three bidentate nitrato groups and three OPPh 3 ligands, thus achieving a coordination number of nine. Eight non-coordinating acetone molecules are present in the unit cell. Crystal data (292 K): space group P2,/n (no. 14), 0=12.438(2), b = 25.532(4), c = 20.379 (4) Ä, £ = 96.33(2)°, F = 6432(1) Ä, Z = 4, d calc = 1.318 gem 3 . Due to poor crystal quality the refinement converges at R = 0.11, R w = 0.09. 2 is paramagnetic, but it does not follow the Curie-Weiss law at low temperature. Therefore crystal field theory was used in order to explain these findings.
Introduction
A large number of formally Ce(III) and Ce(IV) complexes is known. Although numerous magnetic studies of Ce(III) complexes have been reported, hardly any investigations of Ce(IV) compounds have been undertaken, as it seems to be obvious that a Ce(IV) complex should not exhibit any paramagnetic properties.
A theoretical study by Neumann and Fulde [1] suggests that Ce(COT) 2 (COT = cyclooctatetraene dianion), which contains Ce with a formal valency of + 4, may form a ground state resembling a Kondo singlet. The experimental consequence would be that Ce-(COT) 2 should exhibit a van Vleck-type paramagnetism at low temperature.
Besides this it is of interest to examine other inorganic or organometallic compounds of formally Ce(IV) to determine whether the unusual magnetic behaviour proposed for Ce(COT) 2 is observable in these complexes.
We now report an improved synthesis of Ce(N0 3 ) 4 (0PPh 3 synthesis and X-ray structure determination of merCe(N0 3 )3(0PPh 3 )3 • 2(CH 3 ) 2 CO (2). Complex 2 was obtained in high yield using a literature procedure for the synthesis of Ce(N0 3 ) 4 (0PPh 3 ) 2 (1) [2] ,
Synthesis of 1 and 2
According to Caughlan et al. [2] , 1 can be obtained from (NH 4 ) 2 [Ce(N0 3 ) 6 ] and two equivalents of OPPh 3 in acetone. The recrystallisation of 1 from acetonitrile was, however, accompanied by considerable losses due to reduction to a Ce(III) compound, which they did not characterise. In our hands, prolonged reaction (12 h) in acetone led exclusively to formation of 2. However, when acetonitrile was used as the solvent 1 was obtained in high yield and could be recrystallised from acetonitrile with negligible loss. Shortening the reaction time to 1 h and using acetone as a solvent afforded solid NH 4 N0 3 and a yellow solution. Separation and concentration of this solution yielded an oily yellow residue which was extracted several times with acetonitrile. Cooling the resulting CH 3 CN solution to -30°C gave small amounts of yellow, crystalline 1, whose elemental 0932-0784 / 90 / 1100-1241 $ 01.30/0. -Please order a reprint rather than making your own copy.
analysis, spectroscopic data, and unit cell parameters were in agreement with those reported previously [2] , The residual solid, which is insoluble in CH 3 CN, dissolves readily in acetone. Cooling of this solution to -30 °C affords 2 as pale yellow crystals. Recrystallisation of these pale yellow crystals from acetone afforded colourless crystals, the melting point, i. r. spectrum, and analytical data of which are identical to those observed for the pale yellow crystals of 2, and those reported previously [3] .
The reduction mechanism is as yet uncertain, but we feel that acetone seems to facilitate a redox process being itself oxidised. The resulting Ce(III) compound could then react with OPPh 3 to yield 2. This assumption is supported by the fact that the sticky yellow solid obtained on evaporation of the acetone always smells of nitric acid. The Ce(IV) complex itself is thermally stable up to the 170°C. In the mass spectrum a peak for N0 2 (m/e 46) is observed only at elevated temperature (above 170°C).
Crystal Structure of 2 An X-ray crystal structure determination was carried out on a single crystal of 2 (pale yellow material). Table 1 summarises the details of the data collection and structure solution, Table 2 lists the bond lengths  and angles, and Table 3 gives the positional and thermal parameters *.
2 crystallises monoclinic in the space group P2 1 /n (no. 14) with the cell parameters (292 K), a = 12.438 (2), b = 25.532 (4), c = 20.379 (4) Ä, ß = 96.33 (2)° and Z = 4 formula units. The Ce atom is coordinated by the oxygen atoms of three bidentate nitrato groups and of three OPPh 3 ligands, and thus achieves a coordination number of nine ( Figure 1 ). If each N0 3 group is considered to occupy only one coordination site, the coordination can be described as a distorted octahedron in which two trans oriented OPPh 3 ligands occupy the axial positions. The Ce-0(N0 3 ) distances range from 2.58 (1) Mean bond distances and bond angles of the triphenylphosphine oxide ligands
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Magnetic Properties of 1 and 2
The magnetic susceptibility of compounds 1 and 2 was measured with a SQUID magnetometer in the temperature range 4.6 to 300 K. Over the whole temperature range, 1 shows diamagnetic behaviour with a temperature dependence that is believed to be due to impurities (Ce 3 + ) in the sample. Compound 2 is paramagnetic, but it does not follow the Curie-Weiss law at low temperature ( Figure 2) . In order to explain these findings we used crystal field theory to calculate the magnetic susceptibility of 2.
Owing to the large spin-orbit coupling, the excited state of Ce 3+ ( 2 F 7/2 ) lies far above the ground state ( 2 F 5/2 ). The separation between these two states of about 2000-2500 cm -1 is much greater than the crystal field splitting, so that only the crystal field splitting of the ground state need be considered.
In compound 2, the point symmetry is \-C y , as shown in Figure 1 . However, to simplify the calculation, a higher symmetry was chosen. As an approximation, only the interactions between oxygen atoms and Ce 3+ were considered, and the intercept of the planes 02-Ce-07 and 01-Ce-03 was taken as the Z axis. The X axis lies in the 01-Ce-03 plane, and the Y axis is perpendicular to X and Z. In addition, all oxygen atoms were assumed to be equivalent. From Fig. 1 it can be seen that if the angles 04-Ce-05 and 04-Ce-010 are taken to be equal and the distortion of 08 from the Z axis is disregarded, 2 has the local symmetry 4mm-C 4v . The distortion of oxygen atoms other than 08 from 4mm-C 4v symmetry leads to mm 2-C 2v symmetry. Therefore, in our calculation we used 4 mm-C 4v symmetry as a first approximation and treated the distortion of the coordinated oxygen atoms from 4 mm-C 4v symmetry as a mm 2-C 2v perturbation. For the distortion of 08 from mm 2-C 2v symmetry, however, the calculation based on the point charge model shows that it has only a small influence on the energy splitting (ß 21 /ß 2O = 0.05) and it can therefore be ignored in the calculation.
For full details on our calculations refer to Appendix 1. A short summary as well as the results obtained will be given here.
By considering the crystal field and the magnetic field, the crystal field splitting and the Zeeman energy of the Ce 3+ in compound 1 can be obtained as a function of the crystal field intensity parameter B KQ (cf. Appendix 1). Therefore, the magnetic susceptibility can be calculated by using the van Vleck equation:
The calculated magnetic susceptibility was fitted with the experimental values using the method of least-squares. In this method the five crystal field intensity parameters as well as the diamagnetic contribution of each molecule Xd were refined. Table A (Figure 3) . This splitting can be compared with the corresponding values based on the point charge model. The crystal field intensity parameters can be calculated from the ligand sum A kq , the radial integral <r*>, and the Stevens multiplicative factor 0 k . In this calculation we only consider the interactions between oxygen atoms and Ce 3 + and assume that all the oxygen ions have a charge of -1/3. The lattice sum A kq was calculated from the relative positions of Ce 3+ and the oxygen atoms in Table 3 , the radial integral <r fc > and Stevens multiplicative factor 0 k were taken from the references [4, 5] . The results of applying this model are shown in the second column of Table A 2 (Appendix 1). The energy levels calculated from the point Table A1 . Calculation of the diamagnetic susceptibility X D with the incremental model [10] . Table 3 . Positional parameters and thermal parameters (pm 2 ) in 2 (standard deviations). charge model are of the same order as those obtained from the best fit calculation, but the energy separation is much smaller (about 60%). This means that only 60% of the crystal field splitting found experimentally can be explained by the simple ionic model. The additional crystal field splitting may represent the covalent contribution of the Ce-O bonds or an other charge distribution of the oxygen atoms. By considering crystal field splitting and magnetic exchange, Lueken et al. [6] have fitted the susceptibility of NaCeS 2 with cubic symmetry. They obtained a splitting between the doublet ground state and the quartet state of about 470 cm -1 and found that the covalent contribution to the crystal field splitting is about 36%. This is comparable with our results.
Consideration of the parameters in
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Appendix 1
Crystal Field Splitting
The crystal field Hamiltonian H CF of an / electron, in the general form [7, 8] , is given by the equation
The term O kq represents the operator equivalents in the notation of Stevens [8] . The crystal field intensity parameters B kq are given by ) where 0 k is the Stevens multiplicative factor and <r k > A kq the crystal field parameter [4] , The term <r k > A kq consists of the radial integral <r k > multiplied by the ligand sum A kq , which in turn depends on the charges and positions of the atoms in the crystal. For the 2 F 5/2 state, sixth order terms (k = 6) vanish since 0 6 = O [4] , Since the terms with k = 0 will shift all energy levels by the same amount and do not contribute to the crystal field splitting, these terms can also be ignored in the calculation. For C 2v symmetry, the crystal field Hamiltonian has the form (A3)
#CF = B20^20 + ^40^40 + ^44^44 + B 22^22 + •
To obtain the eigenvalues and the eigenstates using perturbation theory the crystal Hamiltonian was divided into two parts, H C4v and H C2v , with H C2v considered a perturbation of H C4v :
= ^20^20 + ^40^40 "I" ^44^44' 
Since C 4v point symmetry has already removed all of the degeneracy of the 2 F 5/2 state, except Kramers degeneracy, the C 2v distortion only influences the position of energy levels because the eigenstates are mixed under the C 2v Hamiltonian (Figure 3 ).
According to Rayleigh-Schrödinger perturbation theory, the first-order correction of the C 4v eigenstates due to H ri " are
These are all zero in this case. The second-order correction can be calculated from By considering corrections up to the second-order, the approximation of the eigenvalues to the perturbed states becomes
Ei -E i0 + E i2 .
(A10)
Perturbation theory also gives the first correction eigenstates in C 2v symmetry [9] . 4>i = a l \± 5/2) + a 2 | + 3/2) + a 5 1 ± 1/2), <P 2 = a 3 1 ± 5/2) + a 4 |+3/2> + a 6 | ±l/2>, (All) = a 7 1 ± 5/2) + a 8 1 + 3/2) + a 9 1 ± 1/2).
The perturbed eigenstates of (All) are normalised but not orthogonal, and the coefficients a, are functions of the crystal field intensity parameters B kq .
Zeeman Energy
The Zeeman energy in an applied magnetic field is described by the Hamiltonian 0412)
where g is the Lande factor (6/7 in this case), p B the Bohr magneton, J the operator of the total angular Table A 3. Two points should be mentioned here. First, in calculating Zeeman energies using perturbation theory, the influence of all the other states should be considered because the perturbed eigenstates in (All) are not orthonormal. Second, for calculating the
